Tuesday Afternoon 0 29 controlled), and output power P,. The results show that at the highest output power, wavelength stability is characterized bydi/dAp < 5 X and dA/dPp < 5 X lop4 nm/mW. The second coefficient indicates that a one part in lo6 mean wavelength stability, required in a navigational grade gyroscope, requires a one part in lo3 stabilization of the pump laser power.
The absence of highly photosensitive Er/Yb fibers has been the main obstacle in the implementation of short efficient single-frequency fiber lasers. An earlier report of an Er/Yb single-frequency distributed Bragg reflector (DBR) laser demonstrated the promising properties of such lasers over their Er-doped counterpart due to their very high pump absorption (-0.2 dB/mm at 980 nm).' A fiber grating was spliced onto a short section of Er/Yb fiber and the splice contributed to a substantial part of the cavity loss. A highly photosensitive Er/Yb fiber is clearly required for easy implementation of these devices and novel designs.
The first approach that we used is to co-dope Er/Yb/P/AI/Si fibers with tin. Tin doping is known to create photosensitivity in phosphorousdoped silica glass.* The fiber has a pump absorption of -170 dB/m at 980 nm, an Er3+ absorption of -25 dB/m at 1535 nm, a cutoffwavelength of 1270 nm and NA of 0.17. A 10 cm long, 0.1-nm bandwidth, 80% reflection grating was written in this fiber using a phase-mask technique and a 100-mW frequency-doubled Ar laser at 244 nm. The laser was scanned at a speed of 5 pmls. A 1.5 cm long strong grating (>99.9%) with 1-nm bandwidth fabricated in a boron co-doped germanosilicate fiber was spliced to the Sn/Er/Yb grating to construct a single output distributed feedback laser (see Fig. 1 ). Essentially the same performance shown in Fig. 1 was achieved whether the laser was pumped from the front or the back. The laser was observed to operate on two polarization modes spaced 390 MHz apart. The linewidth was measured to be 25 KHz. We found that, if hydrogenation is used to enhance the photosensitivity, a loss of -0.5 dB/cm is induced at the 980-nm pump, substantially reducing the laser slope efficiency. To further improve photosensitivity of Er/Yb-doped fibers to allow high reflectivity gratings of shorter length to be written for the implementation of much shorter devices, we used the structure shown in Fig. 2 . A highly photosensitive boron-doped germanosilicate (BIGelSi) annulus is placed next to the core. By separating the photosensitive region from the Er/Yb core, we avoid perturbing the composition for efficient energy transfer. The refractive index of the B/Ge/Si ring is matched to the cladding so that overlap between the guided optical mode and the rareearth dopants is not affected. The B/Ge/Si glass has a demonstrated photoinduced index change as high as 2 X which, accounting for the reduced overlap between the guided mode and the photosensitive region, should result in effective index changes much larger than 1 X low4 for fibers with V value between 1.5 and 2.4. Figure 3 shows the growth of total reflection and final transmission spectrum of a grating written in such a fiber. The grating was written with an interferometer using a line-narrowed Krl: excimer laser. The bandwidth is -0.58 nm. The P/AI/Si core has a pump absorption of -230 dB/m at 980 nm, an ErlYblPIAVSi core / I .
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. , A DBR laser with the configuration shown in Fig. 4 is constructed. The high signal reflector R1 (>99.9?40) is a dielectric mirror coated on the end face of a standard single-mode fiber. Output coupler R2 is a grating with a bandwidth of 0.3 nm and reflectivity of 98%. Due to the high pump absorption, this length of Er/Yb fiber after the grating (L3) is not pumped. A slope efficiency of -23% is estimated when including a coupling loss of -0.5 dB from the standard single-mode fiber to the Er/Yb fiber. The laser is both single frequency and single polarization. A mode change was observed at 25 mW to 30 mW of launched pump power, with a mode spacing of 0.082 nm corresponding to an effective cavity length of 10 mm. The mode change can be eliminated if a more uniform grating with narrower bandwidth is used. 
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The work is partially supported by UK DTI/link programme HIRAFS and partially supported by EC ACTS project PHOTOS. In this paper we demonstrate a diode-pumped high-power (> 100 mW), wavelength-swept FSFL in which the output wavelength is continuously and repeatedly tuned over a broad range (upto 38 nm) by modulation of the intracavity AOTF peak wavelength. Furthermore, we demonstrate for the first time, to our knowledge, that resonant matching of the filter peak sweep rate to the acousto-optic frequency shift per round trip suppresses the nonlinear pulsing observed in conventional frequency-shift and results in significant narrowing of the instantaneous swept linewidth (<0.1 nm). Figure 1 shows the 19-m ring laser cavity incorporating a bulk-optic AOTF (4-nm bandwidth, 68-MHz frequency upshift). The acoustic drive to the device was controlled with a phase-locked loop, with fasthndependent electrical control of the acoustic power and frequency. Using two phase-locked, arbitrary function generators we could therefore synchronously, and independently, temporally control the peak transmission and wavelength of the filter. 
